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ABSTRACT 


Cost estimates are for dry whole milk packaged in laminated foil pouches 
for household use. Total cost is analyzed on the basis of using either a 
single-pass or double-pass instantizing process. In the single-pass procedure, 
raw material costs accounted for an estimated 75.4 percent of total cost, 
while packaging costs amounted to 21.1 percent. For the double-pass process, 
raw materials were 69.9 percent of the total, and packaging was 19.5 percent. 
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SUMMARY 


Processing cost for dry whole milk, packaged in laminated foil pouches 
for household use, would be approximately 54.75 or 59.08 cents per pound, The 
lower figure represents the estimated cost when using a single-pass instantiz- 
ing process, while the higher figure is for the double-pass procedure. Taking 
into account the March 15, 1973, increase in support price for manufacturing- 
grade milk, the estimates would increase to 57.06 and 61.39 cents per pound, 


Since dry whole milk is not currently packaged nor retailed for consumer 
use in flexible packages, these cost estimates are based upon material con- 
tained in published reports, information obtained through personal visits to 
powder processing plants, and the economic-engineering method of analysis, 

The estimates include the costs of raw materials, instantizing, and packaging. 


Raw materials and packaging costs represent the greatest proportion of 
total cost. If the single-pass instantizing process is used, raw material 
costs account for 75.4 percent of the total cost, and packaging costs, includ- 
ing the cost of the gas used to flush the pouches, account for 21.1 percent. 
For the double-pass process, raw materials are 69.9 percent of the total, and 
packaging, 19.5 percent. 


L¥ 


COSTS OF DRY WHOLE MILK PACKAGED FOR HOUSEHOLD USE 


by 


Herbert H. Moede 
Agricultural Economist 
National Economic Analysis Division 
Economic Research Service 


INTRODUCTION 


Dry whole milk, after being reconstituted, has not found general accept- 
ance as a beverage. This lack of acceptance is probably the major reason that 
most domestic consumption of this product is as an ingredient in other processed 
foods. Also, it is undoubtedly one of the primary reasons that dry whole milk 
production is low compared with production of nonfat dry milk. 


Production of dry whole milk totaled 68.9 million pounds in 1970 and 72.2 
million in 1971 (4). 1/ This production was equal to 4.7 and 5.0 percent, 
respectively, of the nonfat dry milk manufactured for food during these years. 
Including U.S. territorial shipments, dry whole milk exports during 1970 and 
1971 amounted to 40.1 and 55.8 percent of the dry whole milk production. 


From a technological standpoint, the production procedure and process for 
making dry whole milk is not too different from that used to make nonfat dry 
milk (1, p. 149). Technological packaging advances, in terms of materials and 
equipment, may prove to be significant in providing the domestic market with a 
whole milk powder that would find domestic market acceptance as a beverage. 
Currently, tests are being conducted with flexible packaging materials. These 
tests may provide a foil pouch that can be used for packaging dry whole milk. 


This report deals with the cost of processing, agglomerating (instantizing) , 
and packaging dry whole milk for consumer use as a beverage. 


Processing and fixed investment costs are based upon a combination of 
information from earlier published reports and the economic-engineering method 
of analysis. These costs should not be viewed as representative of a specific 
plant or company's operation. They are, however, to be considered as attainable 
costs under normal operating conditions. Thus, all cost estimates presented 
are optimal costs and are obtained on the basis of a model plant operating under 
specified conditions. 


1/ Underscored numbers in parentheses refer to items in Literature Cited at 
the end of this report. 


DEVELOPMENT OF COST ESTIMATES 


Assumptions 


This analysis is based upon the following assumptions: 


i 


2. 


Existing milk-drying facilities and equipment will be used to 
make dry whole milk. 


Current processing technology will provide for making a dry 
whole milk which will reconstitute into an acceptable beverage. 


Milk-drying cost data available in published reports are 
representative for the milk-drying industry. 


A gas-flushed laminated foil pouch will provide the type of 
packaging required to maintain the product quality and shelf 
Lite, 


The drying plant packages nonfat dry milk only in 20-quart 
(reconstituted), 4-pound consumer packages on a two-shift- 
per-day basis. 


Purchase of new form-fill-seal packaging equipment along with 
the required peripheral equipment to build a new packaging 
line in the powder plant will be required, 


Adequate space is available in the existing plant structure 
without making structural changes or constructing a new 
addition to install the new packaging line. 


The nonfat dry milk packaging line will be shut down when the 
dry whole milk line is operating. Thus, no additional personnel 
will be required for the new packaging line. 


The plant processes 500,000 pounds of fluid milk containing 
3.70 percent butterfat and 8.62 percent solids-not-fat each 
operating day. This is equal to 60,700 pounds of dry whole 
milk. 


Methodology 


Information and data contained in various publications and reports were 
used as a basis for developing current cost estimates. Also, information 
obtained through discussions with equipment manufacturers and visits to milk 
powder processing plants was used to update earlier information as well as to 
provide basic information relating to flexible-pouch packaging costs for dry 
whole milk. 


Basic cost data reported by Kerchner (2, pp. 22-23) were updated to esti- 
mated 1972 rates by applying the percentage change for selected consumer price 
and wholesale price indexes for 1965-72 to the original data (table 1). 
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Table 1--Items and indexes used to estimate 1972 values 


1965 : 1972 
hee Sister ee annual > annual : Percent 
Item : average : average :change 
flat 1 
siti ien ca ae 2 :(dollars or: (dollars or:1965-72 
WENGeXaNO. ) weLNOeXK NOs i. 





Laboweae era cet ees .:BLS-dairy industry hourly 
earnings index (SIC-202) 52°49 /hr- S3ebD nr. +46.59 
Insurance ........:BLS-consumer price index 


(property insurance index) 89.8 L232 gee eat 6) 
Taxes eee bo Consumers prices index 
(property tax index) oy) 145.7 To Ison 


Repairs and : 
maintenance .....:BLS-consumer price index 


(maintenance index) ole 140.7 sae een 
Fuel ......ee.-+2.:bLS-wholesale price index 

(gas fuels index) 92,6 114.1 gress. 
Electricity ......:BLS-wholesale price index 

(electric power index) ig ayaa yh Beale aptly She 


Water and sewer ..:BLS-consumer price index 

(water & sewer service 

index) 94.4 13825 +46./2 
Packaging supplies:BLS-wholesale price index 

(converted paper & paper- 

: board products index) 94.7 L326 F1L9S96 

General supplies .:BLS-wholesale price index 

(machinery & equipment 

index) 9350 LULS9 ae asisests. 


Depreciation and interest charges used for 1972 were unchanged from 1965, 
This action was based upon the assumption that these changes would remain a 
constant annual charge over the estimated life of the structure and processing 
equipment. 


PROCESSING COSTS 


Nonfat Dry Milk Costs 


Table 2 shows a comparison of the 1965 and 1972 costs estimated by major 
processing and administrative centers for a powder plant. 


The cost of processing 1,000 pounds of fluid milk into powder in 1965 was 
$1.87, compared with $2.41 per 1,000 pounds of fluid milk in 1972. During the 
7-year period, processing costs increased by 54 cents per 1,000 pounds, or 29 
percent, 


Table 2--Costs estimated by production centers for processing 1,000 pounds of 
whole milk, 1965 and 1972 


gaan ¢ Estimated Estimated 
od act ahi 1965 cost 5 1972 cost 
Dollars 
Raw milk rec@éivingey%.. <.%<%5 -.se = ar 0.06 0.08 
Evaporating and sdryinge.. eer cee. L.00 Lt26 
Powder packaging and warehousing ...: 245 Ay! 
Administration: : 

Laboratory cigs xtra ate < .08 - 10 
Office eo OO 8) (8 2) 6.6 B.C 2.8 6 2) 8S) 8 U6 812 ¢ 8 8 35 .28 .40 
TO ta laters vrs we eral es Pardew wieys Ly. 2.41 


Based upon market milk containing 3.7 percent butterfat and 8.62 percent 
solids-not-fat, the processing cost per pound of nonfat dry milk increased 
from 2,17 cents per pound in 1965 to 2.80 cents in 1972--a 29-percent increase, 2/ 
These figures include packaging costs for bulk packaging in 50-pound kraft 
paper bags. Based solely upon evaporating and drying cost, the 1965 figure 
would be 1.16 cents per pound, and the 1972 figure, 1.46 cents per pound--a 25,9- 
percent increase, 


Dry Whole Milk Costs 


The manufacturing process for dry whole milk is similar to that used to 
make nonfat dry milk (1, p. 149). Also, either the single-pass or double-pass 
instantizing process (3, p. 1) should be used in order to improve dispersion 
of the powder in water. Two important differences exist between processing 
nonfat dry milk and whole milk. First, the skim milk is condensed to 40 to 48 
percent total solids content when making nonfat dry milk. To make dry whole 
milk by using the foam-spray drying process, the milk is standardized so that 
the dry product will have not less than 26-percent butterfat and 50-percent 
total solids content during the evaporation process (1, p. 151). Second, in 
the whole-milk drying procedure, nitrogen gas is pumped into the concentrated 
milk at the rate of 0.5 standard cubic feet of gas per gallon of 50 percent 
total solids milk concentrate (1, p. 151). 


Recent developments indicate that compressed air can perform the same 
function as nitrogen gas when making whole milk powder. For the purpose of 
this report, it will be assumed that compressed air will be used in making 
whole milk powder. The use of compressed air instead of nitrogen represents 
an estimated savings in manufacturing costs of 0.193 cent per pound of whole 
milk powder. This savings is based upon a nitrogen gas cost of 1.522 cents 


ey Cost per pound = $1.87 + 86.20 lbs. solids-not-fat/1,000 lbs. fluid milk. 
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per cubic foot of gas--a total daily cost of gas amounting to $117.25 for 
daily production of 60,700 pounds of dry whole milk. 


In view of the similarity in making nonfat dry milk and dry whole milk, 
it is presumed that the 1972 costs shown in table 2 for processing nonfat dry 
milk less the cost of packaging would be the cost for processing dry whole 
milk. Thus, the 1972 cost for processing dry whole milk is estimated to be 
$2.41 per 1,000 pounds of fluid milk processed. 


Agelomeratin Instantizin Costs 


The estimated cost of instantizing milk powder by using the double-pass 
procedure is 4.33 cents per pound (table 3). This figure represents the direct 
and indirect costs associated with the double-pass process except for (1) basic 
powder cost, (2) premium paid for instant-grade powder, and (3) packaging costs. 
These three cost components were eliminated from this total since there would 
be a double counting of these values when computing the savings from using the 
single-pass drying process in place of the double-pass agglomerating procedure. 


Table 3--Estimated cost of instantizing double-pass process 


Factor Cost 
Gents/ Lb. 
Freight (drying plant to instantizing plant) ....: 1,00 
Powder (receiving, handling, and warehousing) ...: 503 
TH SEAN TL Oi eas aie see ies ails 9. Sia dade. We aldteicdels o92 
Processing powder loss ,...... Rtas ecteias eateries ase Volt 
Processed censerreer van tae: Cos ate er atn seen sess <2) 
Adminis Ermateivie patch pitta er distal halt heistenals DEE) OEIC ait i 501 
EO tee ey LS STV eh ec) ike GE, er Mr eorole cite Bage. sieve «fet sis 4,33 


Source: (3, p. 14). 


The double-pass procedure costs would not be applicable if the foam-spray 
drying process were used to make the powder. In this process, the drying and 
agglomerating procedures are combined into a single operation, and the finished 
product emerging from the process does not require any further processing. 
Therefore, on a cost basis, a product made by the single-pass method would be 
4.33 cents per pound less than a product made by using the double-pass 
procedure. 


PACKAGING COSTS 


Equipment Costs 


Currently, dry whole milk is not packaged for consumer use in flexible 
packages. Nonfat dry milk, however, is available for household use in this 
type of packaging. The main reason that dry whole milk is not packaged in 
this material is that oxygen in the package reacts with fat globules in the 
milk powder to give the reconstituted product a rancid taste. 


Recent developments in packaging materials have provided a laminated foil 
material which includes an oxygen scavenger as an integral part of the package 
pouch. This new development may allow dry whole milk to be packaged in a 
flexible package. 


It is assumed that a new packaging line would be required by any existing 
powder-processing facility interested in processing dry whole milk powder 
using this new flexible package of laminated foil. 


The packaging material being used in packaging tests with whole milk powder is 
not currently used commercially. Also, a standard retail size or type of 
package for dry whole milk powder has not been developed either for commercial 
or governmental use. Therefore, packaging costs for materials, equipment, and 
operation of the packaging line are synthesized costs. 


Table 4 presents a list of equipment that would be required for the 
addition of a flexible packaging line to an existing plant, including estimated 
cost of installation and freight charges. These figures should be viewed as 
minimal values since any specifically engineered line for a certain location 
could require more of a specific type of equipment as well as more sophisticated 
types of equipment at a significantly different cost. 


Table 4--Packaging equipment required to establish a flexible packaging line in 
a whole milk powder plant, 1972 


b : : e f ° 
apes : ees ‘Estimated * Total 
Item : : ieee freish Cs emeCos. 
quantity :cost including : 


: f cost *installed 
= required : installation. ; : 


Dollars 
Vertical twin-tube, pouch- 

forming, filling, and weighing: 

machine (66 pouches per min. 

Pil brrate) 0st Ul. Geta eee 2 295000 150 39300 
Carton former and sealer ...... ; 1 25,000 20 25,020 
shipping case sealer... en me 1 28,000 60 28,060 
COnvayora line? > sles ot <.cteletseletale aterens Port ts 4,875 25 4,900 

LYE Leas taloinrs' oik ate oi eve aiater et et etstaetiees Oia 255 117,280 


a 


Based upon a 10-year, straight-line depreciation schedule and an estimated 
salvage value of $10,000, annual depreciation charges would amount to $8,828. 3/ 
Assuming an annual packaging rate of 15,782,000 pounds of dry whole milk, 
depreciation expenses per pound of powder would amount to 0.06 cent. 


Labor Costs 


The type and number of personnel required to operate the model packaging 
line were based upon information obtained from observing powder-packaging 
operations in a number of plants. Table 5 shows the number of people required 
for one shift to operate the line, the estimated 1972 hourly wage rate (includ- 
ing fringe benefits), and the total hourly labor cost. 


Table 5--Personnel classifications, estimated hourly wage rates including fringe 
benefits, and estimated total hourly labor cost for a model flexible 
packaging line, 1972 


BE RCOR nT. Estimated 1972 : Number required Tocalenoed 
on : gross hourly : for : 
classification ‘ cost 
: wage rate : one shift ; 
Dollars Number Dollars 
Working foreman ...: aetey | 1 3881. 
Packaging-line : 
ODE bi COL aretereia ciate ote. 3745 5 Die 2D 
Cleanupemiane ss. 6s 3.45 1 3.45 
Total packaging- 


line personnel ...: ZERIT 


The estimated hourly wage rates for 1972 were developed by adding 20 cents 
per hour to 1971 estimated wage rates for the three types of personnel (3, p. 3). 
The 20-cent figure was the difference between the Bureau of Labor Statistics 
average hourly earnings figure of $3.65 per hour in 1972 and $3.45 per hour in 
1971. Based upon packaging 7,920 of the 8-ounce pouches per hour with two 
machines, the labor cost per pound of powder packaged is 0.62 cent ($24.51 + 
3,960 pounds). 


Material Costs 
The laminated film used in making pouches for the packaging tests con- 
sisted of the following layers: (1) plastic film, (2) aluminum foil, 


(jeplastic tiims (4 yescavencer material and (5) plastic<film: 


3/ Annual depreciation = $98,280.00-10,000.00 = $8,828.00. 
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Technical development and testing of the flexible pouch material designed 
for use with dry whole milk indicate that this material is ready for use in 
commerical packaging systems. For purposes of this report, however, it will 
be necessary to use dimensions and material quantities not only for the flex- 
ible pouches but also for the cartons and shipping cases which may or may not 
be identical to the units developed and designed for commercial market use, 
Table 6 shows the type, dimensions, and estimated costs of the packaging 
materials used in this analysis. 


Table 6--Estimated types and quantity of packaging materials used for packaging 
dry whole milk in flexible packages, 1972 


a eS 


It d Dimensions Cask Cost per 
ay ae * (width, length, ; ene ‘ pound of 
calecihiet lt : and height) ; ' powder 
: : : 
ho--- Inches -<-*) § }-sens-s=-- CEN US y= = se 


Pouch: 
Laminated plastic and 
aluminum foil (8 oz. : 
netsproducteweteht ies...) 12(45) xel0) 4.00 8.00 
Folding carton: : 
26-pt. bleach sulphite 
board, seal end, 2- 
COLOPEDEING, phomLDSs. 
netproduct wel abt jogs vst es | e862" oc S2U Lert sag 
Shipping case: : 
Corrugated kraft board 
regular slotted-type 
container (36 lbs. net 


producatewerehnty Asawies rat EN ee ade 4 tel ye 30.00 0.83 
Total packaging material 


costiretjusn. vated. We. ene 10s 


Total material cost per pound of powder amounts to 10.42 cents per pound 
(table 6). This figure is significantly more than tiie packaging material cost 
for nonfat dry milk of 3.38 cents per pound of powder (3, p. 14). 


industrial .«GassCosts 


An important part of the pouch-packaging system designed for use with dry 
whole milk is the gas mixture used in forming, filling, and sealing the pouches. 
It contains 92 percent nitrogen and 8 percent hydrogen. This mixture has two 
functions: first, to flush air out of the pouch and replace it with the gas 
mixture prior to adding the powder and second, to remove the residual oxygen 
after the pouch has been sealed. 


Based upon 0.0315 cubic foot of gas mixture used for packaging 8-ounces 
of milk powder in the laminated foil pouch, it is estimated that 230 cubic 
feet of nitrogen gas and 20 cubic feet of hydrogen gas per hour would be 
required to package foil pouches at a rate of 132 per minute for 2 machines. 


Since the volume of hydrogen is relatively small in terms of commercial 
volume usage, it is presumed that the hydrogen gas would be obtained from 
commercial cylinders or tanks. The cost of the gas in these cylinders, which 
contain 210 cubic feet of gas, is about $8 per cylinder, or 3.810 cents per 
cubic foot of gas. 


The nitrogen required in this packaging system can most likely be best 
supplied in one of two ways. These are by using an inert-gas generator or by 
using a liquid nitrogen supply system. Significant cost differences can exist 
between the methods used to supply nitrogen for the pouch-filling operation. 


Cost of a completely installed unit for generating inert gas would amount 
to about $13,525. This figure includes equipment and installation charges for 
a 500-cubic-foot-per-hour gas generating unit plus a compressor, all necessary 
controls, and two 473-cubic-foot storage tanks. 


Based upon a 10-year equipment life span and a $2,000 salvage value, 
annual depreciation expense is estimated to be $1,152.50. This expense amounts 
to 0.133 cent per cubic foot of nitrogen gas produced when using 869,400 cubic 
feet annually for packaging purposes. Hourly costs for the utilities required 
to operate the generating unit (natural gas, electricity, and water) are 
estimated at 7.02 cents per operating hour, or 0.014 cent per cubic foot of 
nitrogen (7.02 cents + 500 cu. ft.). The total cost per cubic foot of nitrogen 
gas, when produced by this inert-gas generating system, would amount to 0.147 
cent per cubic foot (0.133 cent plus 0.014 cent). 


The cost of supplying nitrogen for the packaging operation by using 
liquid nitrogen is significantly greater. However, depending upon an individ- 
ual company's situation, it might be the system selected if factors other than 
cost are the prime decision factors. A liquid nitrogen system would require 
capital expenditures for a proportioner (mixer), regulating valve, and hose 
amounting to an estimated $580. Using a 10-year equipment life span and no 
salvage value, annual depreciation cost would amount to $58. This cost would 
be equal to 0.007 cent per cubic foot of nitrogen when using 869,400 cubic 
feet of nitrogen annually. Tanks of liquid nitrogen which supply 3,630 cubic 
feet of nitrogen gas cost about $55 each, or 1.515 cents per cubic foot of 
nitrogen gas. Total nitrogen cost using this liquid nitrogen supply system 
would be 1.522 cents per cubic foot of gas used. 


A comparison of the cost differences that would exist between an inert- 
gas generating operation and a liquid nitrogen system is as follows: 


Inert-gas Liquid nitrogen 


Type of gas and quantity generator system supply system 
required for 8-ounce Cost per Total Cost per Total 
pouch of dry whole milk Cus Dts cost Ciiselts cost 
Cents 
Nitrogen: 
~O29ecubicr@ tee GF ct. hae. os 0.147 0.004 Loa 0.044 
Hydrogen: 
.003) cubiiostee tice. 2... ahicsishate Bolu sentyl Siren ae) LOWE 
Total gas cost per 8-ounce 
POUCH Bi. mis tMareterees: oftaleroce eteneis: « O15 3005 
Total gas cost per pound 
who LesmiLkpowd eric. tere at - 2050 ALLO 


Total Flexible Packaging Costs 


The total packaging cost per pound of whole milk powder using a flexible 
package including a carton and shipping container is estimated as follows: 


Cost per pound whole 





Item milk powder 

Cents 

Depreciation GxpenSee.. sriinis «i-terctale otis 0.06 

Welstore Sa low, Si ee ae MGs Sone gueeettet 0. 62 
Packaging materials @naa® Taitene 

GAELOU MSIL DD LUD eCASe) as ace cere settee 10.42 

Cas slOmep acks olin omni: ei iittala tate cls: « Oe toh 

Ovenheadt sveauidacrionter cer BPA olay oS 0.35 

Total @eee0evs23e#evnre#e#rfef8f ee 8 # eoeeeee3reeeeere@ Le 5 4 


The preceding figure for total packaging cost is based upon the use of a 
liquid nitrogen gas supply system. If an inert-gas generating system were 
used to supply the nitrogen, the total cost would be 11.46 cents per pound 
of dry whole milk. 


The overhead expense was assumed to be the same as for instantizing non- 
fat dry milk (3, p. 14). While that expense was for an instantizing operation, 
it was assumed, for purposes of this report, it would be the same for this type 
of operation. This assumption is based upon the hypothesis that the differences 
between the packaging lines would not be significant in terms of plant layout 
and operational requirements. 


ESTIMATED COST OF DRY WHOLE MILK 


As indicated earlier in this report, the method by which fluid milk is 
converted into powder can make a significant difference in its final cost. 
The cost of fluid milk, whether using the single-pass or double-pass instantizing 
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process would be the same at the start. Table 7 presents the cost of dry 
whole milk for both processes. Raw milk cost used in these computations was 
$5.01 per hundredweight (1972 average annual price received by farmers for 
manufacturing-grade milk). The yield of dry whole milk from 100 pounds of 
milk is 12.14 pounds. 


Table 7--Estimated dry whole milk processing and packaging costs, by single- 
pass and double-pass instantizing process 


Single-pass : Double-pass 
Item ; instantizing : instantizing 
: process ; process 
: Cents/1b. of dry product 
Raw material: - 
FOUNTAIN LS LICR rete tere mane G's carers sete ube : 41.27 41,27 
Processing and packaging: 
Kawe mil kKerecer Viney. cee caie atte: 08 08 
Evaporacine sand dryitic.. ws fete: zo £.26 
WATGhOUSI NOM ss Ae via cielo tte © A absences? RL, Ly 
ISLAM EL aN omer e tea Ace sis 6) ster ee: ae 4,33 
Packaging, including : 
PLUS EOAS Ie cc. herel othe ects sche eee ipl iypee rs 11,54 
AGWNd tie CAG LOL. ate eters’ s laksa oc7 41 41 
TOCOLECOSL M2 /Mists cites inten. « ae Die 59.08 


1/ Cost included in evaporating and drying figure. 
2/ Based on using liquid nitrogen gas supply system. If the inert-gas 
generating system is used, these figures would be 0.08 cent lower. 


The preceding totals include the costs for all operations prior to placing 
the milk powder into the warehouse. They do not include any allowance for 
return on investment, Federal, State, or local income taxes, or taxes other 
than real property taxes. 


Effective March 15, 1973, the support price for manufacturing-grade milk 
was set at $5.29 per 100 pounds of fluid milk. This price would increase the 
fluid milk cost shown in table 7 to 43.58 cents per pound. 4/ Also, the total 
cost of powder made by a single-pass process would increase from 54.75 cents 
per pound to 57.06 cents, and the 59.08 cents for the double-pass process would 
increase to 61.39 cents, 


4/ $5.29 per cwt. + 12.14 lbs. of whole milk powder = 43.58 cents per 1b. of 
powder, 
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